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EESEARCH MBMOEANDUM 


INVESTIGATION OF TWO PZPOT-STATIC TUBES AT SUPEESONIC SPEELS 
By Lowell E . Easel and Donald E . Colettl 


SUMMARY 


Tests have “been. conducted In the Langley 9~lnch supersonic tunnel 
of two pitot-static tubes to measure at seYeral angles of attack the 
body static pressures and indicated Mach numbers . A cylindrical tube 
with an oglTal nose section 8 body diameters long was tested at a 
free-stream Mach number of 1.9^* A service pitot-static tube was 
tested at free-stream. Mach numbers of 1.93 1.62. 

The atlal pressure distribution on the cylindrical body was 
independent of position at zero angle of attack provided that bhe 
measurements were made 8 or more body diameters behind the end of the 
nose section. The radial press-ure distribution on the forward side 
of the cylindrical tube was -in fair agreement at small angles of 
attack with that calculated by an approximate theory. 

The service pitot-static tube gave results which were nearly 
independent of small angles of attack in pitch but which varied 
appreciably with yaw angle. The indicated Mach number at zero angle 
of attack for a test Mach number of 1.93 was 1.95^ ^or a test Mach 
number of 1.62, the indicated Mach number was 1.62. 


INTRODUCTION 


The design oF suitable tubes or other devices for measi^lng the 
pressures corresponding to supersonic fli^t Mach numbers cn airplanes 
and missiles appears of Injportance at the present time . Such a (^ylce 
should be capable of measuring the free- stream. static pressure the..v^ 
stagnation pressure after a normal shock. Accurate stagnation press-^tre’? ^ 
are easily obtained j however, the ability to measure the static prSssnr§’ 
appears more uncertain. It is indicated from theoretical calculaticfeis 
that if an ogival-nose , cylindrical body is placed in a supersonic air 
stream at zero angle of attack, the static pressures on the body will 
at some station downstream of the nose return to free-stream static 
pressure. The length of the cylindrical body required for the static 
pressure to return to free-stream pressure is dependent primarily upon 
nose shape and Mach number. In an abtgjgpt, bo determine this length, x. 
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experimental tests on an ogiyal-nose , cylindrical pitot- static tube 
have "been made in the Langley 9"inch supersonic tunnel, at a Mach numher 
of 1.94* Static pressures were measured on the cylindrical hody k, 8, 
22., l6, and 20 "body diameters "behind the end of the nose section. 

The service pltot-statlc tuhe Is also essentially an ogival-nose , 
cylindrical tuhe and the posslhlllty of using it to indicate supersonic 
flight Mach numbers is of lng)ortance . Tests have been made on such a 
pitot-static tuhe at Mach numbers of 1.93 and 1.62. 
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free-stream Mach number 

indicated Mach number 

angle of attack, degrees 

average angle of attack, degrees 

angle of yaw, degrees 

angle of rotation, degrees ; 

free-stream static pressure 

free-stream stagnation pressure 

static pressure on surface of pitot-static tuhe 

stagnation pressure measured hy pitot-static tuhe 

static pressure on- surface of cone 

free-stream velocity “■ 

free- stream-velocity component parallel to axis of 
pltot-statlc tuhe 

free-stream-velocity component perpendicular to axle of 
pitot-static tube 
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APPARATDS MD TZEST MEEHOES 


The Langley 9“incti- supersonic tunnel In wMch these tests were 
made Is a closed return tunnel in ipdilch the pressure anfl hinnldity can 
he contTOlled. The size of the test section is approximately nine inches 
square . The Mach number is changed hy TnaenH of sets of removahle nozzle 
hloclsB which form the top and hottcm siarfaces of part of the sxibeonlc 
entrance section, the two-dimensional superscnlc nozzle, anri -aie test 
section. 

A s]setch of the ogival-nose, cylindrical pitot-static tube is 
shown in figure 1. For convenience, the ordinates of the nose section 
have been included. The stagnation pressure orifice at the nose has a 
diameter of 0.020 inch and has edges which are relatively sharp. 

Two static orifices of the same diameter are located l8o° apart at each 
of five stations on the cylindrical portion of the body. The tubes 
connecting the orifices to the mercury manometer (used to recorsi the 
pressures visually) extended out the rear of the model and did not cause 
any interference with the static orifices. The model was supported in 
the tunnel by fitting inside a conical sleeve as shown in figure 1. 

The ^arp leading-edge tip of the support was 1 inch downstream of the 
last orifice station. 

• The service pitot-static tube was a Manning-Bowman &. Co. tube, 
specification Bo. 9^-27876-A. It was tested as received exc^t for 
minor alterations at the rear which were necessary to facilitate 
mounting it in the tunnel. These changes were made internally a-nd had 
no effect on the measured static pressures. A sketch of the tube 
illustrating the method of support is f^own in figure 2. 

The same general test methods were used for both models . As 
stated previously, the models were supported from the rear. The angle 
of attack was determined within ±P .015° by reading on a graduated 
scale the positlOTi of a H.ght beam 'vdilch was reflected from a i 
mirror mounted at the extreme rear of each model. The angle-of-attack 
range was from -3*3° to l<-.8o for the cylindrical tube and ±7° for the 
service tube . Since it was desired to determine the pressure distri- 
bution as a function of the radial locaticn 9 ( see fig . l) , as well 
as of ax1 a1 location, the static-pressure data for the cylindrical tube 
were obtained from a series of teats because the smal l size of the model 
restricted the number of radial static-pressure orifices which could 
be Installed. Pressure read i ngs were made at ^° radial intervals 
by rotating the model about its longitudinal axis from 0=0° 
to 0 = 180° and ru nning throu^ the ccmplete an^e-of-attack range 
at each radial position of the orifices. 
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The service pitot-static tube was tested; in hoth pitch and yaw 
attitudes with the drain holes to the stagnation-pressure chamher 
open and closed to determine their effect upon the measured stagna- 
tion pressure. The drain holes are installed^ in service Instruments 
to remove the water which may accumulate in the chamher during fli^t 
and are not found in laboratory instruments. The holes were sealed 
with duratite compound and then sanded to give a smooth outside surface . 


PEECISION OF DATA 


The. accuracy of the data to he presented is dependent on the 
accuracy of the static and stagnation pressui^ readings. These pressures 
were visually recoMed from a mercury manon^ter. The chief error to 
he found in this method of recording pressure^ is that J.ntroduced hy 
incorrect reading of the helots of the mercury columns . It has been 
found that the TtimriTWTm probable reading error ‘may make the statlc-pressurs 
readings in doubt by +0.2 percent, and the stagnation pressures in 
doubt by +0.0k percent. Since the indicated Mach numbers were computed 
from the ratio of stagnation to static pressures, a cumailative error 
in the two pressure measurements could introduce a maximum error 
of + 0.005 in the indicated Mach number. . However, the scatter at each 
axial station of the static pressures measured on the body at = 0 .02° 

(fig. 3 ) is greater than the +0 .2 percent , of ;;Pg predicted from the 

precision of the pressure measurements. Further evidence that the 
scatter is greater than predicted is present .in figure 4, which shows 
the result of two tests made with the Orifices in the same radial 
plane but differing in angular rotation by l8o°. The data show a 
small difference in static pressure on the opposite sides of the tube 
althou^ the measured angle of attack is very close to 0°. Further- 
more, rotating the tube l8o° does not shift th© direction of the 
pressure difference . It seems probable therefore that there is a 
small mlsallnement of the free stream in the pitch direction with 
respect to the measured 0° angle of attack of .the tube. More important 
is the difference of about 1 percent in the average pressto*e obtained 
from the two runs . No satisfactory explanation can be found for this 
variation. Hence these data together with the data shown in figure 3 
provide another indication of the precision of the data presented in 
this report . These errors are relative and may be indicative of the 
spread of data which could be expected if the tubes were tested in a 
uniform stream. 2 

Available free-stream surveys made in the vicinity of the tubes 
are shown in figures 5 and 6. It should be mentioned that the two tubes 
were not located at identical stations in the , tunnel during the tests 
and, therefore, stream surveys for each tube location are shown at the 
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hl^er Mach, number. Since no surveys haTe been made at the exact 
location of the cylindrical tube, the survey located closest to the 
tube is shown. These surveys were made in a plane perpendicular to 
the angle-of-attack plane 6 = 90 ° 270 ° and passing throu^ the 

axis of the tubes at ot = 0° . The survey shown in figure 5 was 
made 0 .l6 inch from the axis of the tube . The surveys were made 
to obtain at various stations in the stream the static pressure p^, 

on the surface of a 5° half-angle cone having 0.020-inoh orifices 
located 0.97 inch behind the tip. In addition, the stagnation 
pressure behind a normal shock Hp obtained with a sq.uare-noee 

pitot tube whose orifice diameter was l6 percent of the frontal 
diameter was obtained at the same stations where p^ was obtained. 

The free-stream. Mach numbers were determined from the ratio 
of 5p^Pg by use of the calculated results presented in reference 1. 

A series of careful measurements by methods using photographic 
enlargements indicated that the cone half-angle was 5 .00° + 0 .01° . 

The errer introduced by this small variation in cone angle is neg- 
ligible. Thus, the maximum probable error in stream conditions, as 
indicated by the stream surveys and as plotted in figures 5 and 6, 
may be ±0.005M and iO.75 percent of p. 


The plot of free-stream Manh numbers shown in figure 5 indicated 

that the nose of the pitot-static tube is in a region of sligjhtly 

hi^er Mach number (dM = 0 . 008 ) than the static orifices . The main 

error which this Mach number distribution can introduce is in the ' 

indicated Mach number obtained from the ratio of E /p since with 

p/ s 

a constant free-stream stagnation pressure the measured values of Hp 


decrease with increasing Mach number. The values of Hp used to 

coinpute the indicated Mach numbers -in figure 8 have been Increased 
by 1.005 wMch is the theoretical ratio of the change of Hp^H when 

M changes from 1.9^8 to 1.9^. It is realized that the correction 
does not eliminate entirely the effects of the Mach number distri- 
bution because the flow characterlsticB over the nose are a function 
of Mach number and do affect the static -pressxire distribution. 
However, it is thoiu^t that such effects are small for the small 
variation present in free-stream Mach nuniber. 


The humidity in the tunnel was kept sufficiently low so that 
bhe effects of condensation in the supersonic nozzle were negligible 
for all the data presented. 
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PRESENTATION AND DISCOBSION OF RESC3LTS 
Cylindrical Pitot-Static Tube 


The static -preesure distributions obtained on the surface of the 
cylindrical pitot-static tube at several angles of attack at M = 1-9^ 
at a Reynolds number of ll-, 000, 000 per foot are shewn in figure 7 • These 
results are presented in the form of the ratio Pg^p vhere Pg is the 
measured static pressure and p is the free-stream static pressure based 
on an approilmate mean free-stream. Mach number of 1.9^* 

The data show that the pressures measured at the most forward 
orifice location, which is 4 body diameters behind the end of the nose 
section (12 dl.ameters from, the front end), are, in general, lower than the 
pressures measured farther back on the body- These lower pressures 
could be caused by the effect of the ogival nose section or a variation 
in the free-stream static pressures in the viciplty of the orifices . 

In figure 3 the variation of the static pressures measured at a_ = 0.02° 

is compared with the free-stream static-pressure distribution. The shaded 
area indicates the probable limits of accuracy of the survey as previously 
discussed . 

A comparison of the two curves indicates that the free-stream 
pressure distribution could be influencing the measured pressures since 
the slopes of the two curves are in the same direction and of approximately 
the same value . The effect of the ogival nose section on these static 
pressures cannot be predicted accurately without detailed calculations 
or the installation of more static orifices in the nose section althou^ 
it appears from available calculations that the pressures in this vicinity 
may be expected to be below free-stream pressure. Since the effects of 
the nose section and free-stream static -pres sure distribution are probably 
additive and the effect of each cannot be evaluated, the data obtained 
4 body diameters behind the end of the nose section should be considered 
to be of doubtful value - 

The static p27eesures measured 8 diameters behind the end of the nose 
section appear generally to be in fairly good agreement with those 
measured farther downstream on the tube except in the radial region 
near 9 = 270°. The pressure variation at 12, 16 , and 20 diameters 
behind the end of the nose section appears to be of a random nature 
and not entirely a function of free-stream variations. It is not under- 
stood why the change in the pressure distribution 20 diameters behind 
the nose section on figures 7(©) and (f) should differ with that at 
corresponding positive angles on figures 7(b) and (c). Neglecting 
these irregularities in the data, the static pressures measured on the 
cylindrical body appear to be Independent of axial location provided 
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that tha nLsasurementg are made at least el^t dlemsters hehind the end of 
the nose section. While the axial location of the orifices behind the 
eight-diameter station is not important, it is apparent frcm figure 7 that 
most of the static -pressure variation is due to radial location of the 
orifices and that the variation could he reduced hy mea6\iring the 
pressures close to the plane of angle of attack- (6 * 0° and l8o°.) 

An approximation to the radial pressiire distribution around the 
body may be made by use of incompressible potential theory for the 
flow- about a circular cylinder. According to the sinqale sweepback 
concept, the free-stream velocity 7 may be divided into two com- 
ponents, parallel to the tube axis and Yj. perpendicular to 
the tube ails, and 


Tgi *= Y cos a 
Yj. c Y sin ct. 

The pressure distribution on the cylinder at a given angle of attack 
is a function of the orosswlae velocity component Yj. which is sman 

for small angles of attack. Therefore the following Inconrpressible- 
flow equation (reference 2) can be used to compute the pressure dis- 
tribution where $ (see fig. l) denotes the radial location on the 
cylindrical surface! 


Pg P + ^Yr^(l - 4 sin^e) (l) 

The theoretical pressiire distributions obtained by this method have 
been plotted in figure 7 , The agreement between the theory and 
experimental data on the forward side of the body is fairly good at 
the low angles of attack- As would be eipected, since the crosswise 
velocity component increases with increasing angle of attack, the 
pressures near the plane of angle of attack increase as the angle of 
attack increases while those pressures near 9 « 90*^ and 270*^ generally 
decrease. According to the ?q?proximate theory, the pressures on the 
rear side of the tube, 0 ^ 1&° to 0 should be the same as 

the corresponding pressures on .the front side of the tube, 0 » 0° 
to 0 = 90° • However the approilmate theory does not take into account 
the laminar-boundary-layer separation which takes place in the 
vicinity of 0 ” 90° » At the small angles of attack the effect of 
this separation is not reewilly apparent since the crosswise velocity 
component is small; however, at the larger angles of attack the 
pressure recovery near 0 ^ l 80 ° does not equal the theoretical value. 
Eeference to equation 1 shows that at 0 equal to 30°, 150°, 210*^, 
or 330°, the pressures should be independent of the angle of attack. 
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HoweTer, since It has already teen shown that the Eeynolds number 
affects the pressures on the rear of the tube, bnly the two .pressures 
on the front, Q = 30° and 330° for positive angles of attack (0 = 150° 
and 210° for negative angles of attack) ml^t be expected- to a-gree with 
the theory. This expectation is verified by the data which show a, 
variation of the mean pressures at these locations of less than 1 per- 
cent of the reference static pressure for the entire angle- of -attaok 
range. 


The indicated Mach number obtained from the ratio of 




as 


measured on the cylindrical body tube at two an^es of attack is shown 
in figure 8. Since for these teats, the indicated stagnation pressure 
is Independent of the angle of attack for smalls angles , the indicated 


Ht 


Mach numbers of these tests are a function only of the static pressures 
on the body. The indicated static pressures were , in general, lower than 
free-stream static pressure and as a resxilt th6. Indicated Mach numbers 
are generally higher than the approximate mean free-stream Mach number 
of 1.9^. If the 'static pressures were measured, at the most suitable 
radial location, as discussed above, the Mach number variation could be 
reduced . 


Service Pitot-Static Tube 


The results of tests in the conventional pitch and yaw attitudes 
of a service pitot-static tube at M = 1*93 at a Reynolds number of 
about it-, 000 ,000 per foot are shown in figures 9 and 10, respectively. 

The tests were made in both attitudes with the pitot chamber drain holes 
open and closed. The results are presented as ratios of measured stag- 
nation and static pressures to free-stream stagng-tlon pressure 

and Ps/H. Figure 9 shows that in the pitch attitude both measured 


pressures are nearly Independent of angle of attack. These pressures 
were also Independent of whether the drain holes were open or closed. 

Near a = 0° the measured static pressures are, about 4 percent lower 
than the free-stream static pressure. The indicated Mach number obtained 
from the ratio of Is 1*95 for angles of , attack up to ±3° and 

decreases as the angle of attack 1s further increased. The yaw results 
shown in figure 10 indicate that in this attitude (a = 0°) the static 
pressure is dependent on the yaw angle. The variation as^predlcted by 
the use of equation (l) is also shown. Since the orifices are located' 
at values of 0 varying from 60° to 120°, an average value of the 
sine of 9 corresponding to 75° was used for these calculations . As 
a result of the static -pressure variation the calculated Mach number 
varies from 1*95 at t = 0° to 2 .07 at y = 7°. 


Resiilts of a similar set of tests made at ^M = 1.62. .at a Eeynolds 
number of about 4,400,000 per foot are shown in' figures 11 and 12. 
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Two main differences. from the prerious set of data are evident. The 
agreement between free stream and measured static pressures is much 
better and, secondly, the drain-hole condition changes the measured 
stagnation pressure by about 0 .7 percent . The resultant effect of the 
drain holes on the indicated Mach number is negligible . The indicated 
Mach number in pitch agrees veiy well with the free-stream Mash number 
of 1.62. In the yaw attitude the indicated Mach number varies from 
M = 1.62 at ilf = 0° to 1.69 at * 7°. 

No atten 5 )t has been made to correct the data on the service 
pitot-static tube for the variation in stream conditions shown in. 
figure 4 . The combined effect of the Mach number distribution and 
blunt nose may be of some Importance; however, the magnitude of the 
effect is not known. 


COKCLTIDIHG EEMAEKS 


Tests have recently been made in the Langley si^ersonlc 

tunnel of two pitot-static tubes. A cylindrical tube with an ogival 
nose section 8 body diameters long was tested at M = 1 . 9 ^. Static 
pressures on the cylindrical body and the stagnation pressure at the 
tip were recorded for a series of angles of attack:. The results 
show that with this configuration at this test Mach ninnber static 
pressures may be meas\ired with fair accuracy 8 body diameters or 
more back of the nose section and that the axial orifice location 
behind this point was not critical. The radial pressure distribution 
can be predicted by an approilmate theory at small angles of attack. 
The data indicate that if, at small angles of attack the average of 
the static pressures on both sides of the tube near the plane of 
angle of attack were measured, the resultant pressure would be close 
to free-stream static pressure and reasonable accuracy of the indi- 
cated Mach number could be expected. 

The second pitot-static tube was a service instrument . It 
was tested at free-stream Mach numbers of 1-93 and 1.62 throu^ a 
range of pitch and yaw angles . Tests were made in both attitudes 
with the pitot chamber drain holes open and closed. The indicated 
Mach numbers at a = 0° were 1.95 and 1.62. The indicated Mach 
number in pitch was independent of angle of attack up to 3°* The 
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variation of the Indicated Mach number with yaV angle was g?:*eater, and It 
Is shown that the variation of static pressure with the yaw angle can 
be predicted theoretically. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field j, Ya. 
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Figure 12.. Supersonic characteristics of a 
service pltot'~stat ic fvhe in /awj M — LG2 . 




